Human activity often negatively affects natural environment, including its water domain. Previous studies showed that water leaving the catchments located in developed and suburban areas, especially highly urbanized ones, is of poorer quality as compared to water leaving forest areas or extensively used farmlands [Ostrowski et Kowalik et al. 2012 ]. Degree of pollution in developed catchments was also observed to increase along the watercourse. This is often caused by a lack of a sewage system or inefficient wastewater treatment plants [ Moniewski and Stolarska 2007] . As there are many different sources of pollution, the potential of water to be reclaimed and to restore its quality, different for various forms and types of environmental water, is amazing. Due to its nature and constant rotation, flowing water is most quickly reclaimed as a result of intense self-purification , Policht-Latawiec et al. 2015 that is a set of complex physical and chemical processes lowering the concentration of dissolved chemicals.
The aim of the study was to evaluate seasonal changes in the concentration and range of selected physicochemical parameters of water in the Uszwica river. To this end, comparative and statistical analyses were performed that comprised hydrochemical data collected for two years at two measurement-control points.
MATERIAL AND METHODS
The investigated river Uszwica is 61.2 km long and its catchment is located in the central part of Lesser Poland province, within Brzeski and Bocheński districts. Its sources can be found on the northern slopes of Island Beskids, near Rajbrot at the foot of the Kobyla Góra. After leaving the Beskids slopes, the river crosses Wiśnicz Foothills, and belows Brzesko it enters Bochnia Foothils and then the Vistula Lowlands. Near Wola Przemykowska the Uszwica enters the Vistula on its right bank at km 150+700 (Figure 1 ).
In the abiotic terms, the Uszwica in its upper course may be classified as a flysch stream of type 12. From the moment of joining the Niedźwiedź stream until the mouth of the Vistula it is a sand and clay lowland river of type 19. The greatest right-bank tributaries of the Uszwica are Niedźwiedź, Grodna, Borowa Struga, and Wróblówka, and left-bank ones include Leksandrówka, Potok Górzański, and Korytnica. All these watercourses are supplied by numerous unnamed tributaries, which in the lower course of the Uszwica are mainly drainage ditches.
The Uszwica catchment with the area of 322.5 km 2 belongs to the water region of the upper Vistula. The cities and villages located in the catchment include Brzesko with 17 thousand inhabitants, Jadowniki (5 thousand), Borzęcin (nearly 4 thousand), Gnojnik and Poręba Spytkowska (each ca. 2.5 thousand), Szczurowa (2 thousand), Bielcza (1.6 thousand), Lipnica Murowana with about one thousand inhabitants and a number of smaller villages. Large population inhabiting the catchment area and ineffective wastewater management resulted in making the Uszwica a receiver of domestic and municipal wastewater. The city of Brzesko that produces the greatest amount of wastewater and treated water is located in the middle course of the river.
The Uszwica catchment is covered mainly by Quaternary sediments comprising sands, glacial gravels and outwash tills. Bedrock located on this substrate yielded hardly fertile podzols and luvisols as well as eutric and dystric cambisols. Accumulation of river deposits along watercourses yielded gleyic soils and fluvisols. In terms of land use, it is a forest-agricultural catchment with high share of built-up areas. Over 35% of the catchment is covered with forests growing on the slopes of the Island Beskids and Wiśnicz Foothills. Farmlands constitute 50% of the catchment area and are located mainly in its central and northern part. Built-up areas account for over 13% of the area, and therefore, the catchment may be classified as a wellsealed and anthropogenically transformed one.
The hydrochemical analysis focused on the range and concentration of physicochemical quality-related parameters of the Uszwica water investigated in the years 2011 and 2012. Water samples were collected at two measurementcontrol points. The first one, encompassing the whole catchment was located about 600 m from the Uszwica discharge into the Vistula in Wola Przemykowska (point 1), and the second was located in Maszkienice, about 7.5 km downstream from the city of Brzesko, at 26+500 km (point 2) and encompassed the upper part of the catchment with the area of 249.3 km 2 . Upstream from point 2, the Uszwica crosses built-up areas and the section between the measurement-control points is covered mainly by extensively used farmlands.
Each month 18 water quality parameters were determined using standard methods [Regulation of the Minister of the Environment, 2011] and they underwent comparative and statistical analyses. Basic descriptive statistics were worked out for each water quality parameter for each station for the whole study period (2011) (2012) and with breakdown into the winter (October-March) and summer (April-September) period. Nine selected parameters were presented in box plots with breakdown into stations, seasons, median, extreme values of 10-90% percentiles. Significance of differences between the values of individual parameters recorded at different measurementcontrol points was estimated using non-parametric Mann-Whitney U test for α = 0.05. The same test was used to determine the significance of differences between individual parameters for the winter and summer season at each point. Nonparametric Mann-Whitney U test was employed for the statistical analysis of the collected data, as many compared groups did not follow normal 
RESULTS
Water temperature in the Uszwica at both measurement-control points did not exceed that defined for first class water, i.e. 22 °C. The only exception was a single recording from 1st June 2012 at the point 1, when the temperature was 0.6°C above the limit. Mean water temperature at the points 1 and 2 was similar and amounted to 10.0 °C and 9.6°C, respectively. Based on the temperature range, the investigated water belonged to the first class ( Table 1 ). Mean concentration of suspended solids at point 1 and 2 was 30.6 and 59.0 mg•dm -3 , respectively, which means the limit value for the first class (25 mg•dm ) was exceeded in both cases. The first concentration corresponded to good ecological potential and the second indicated poor ecological potential. Similarly as the temperature, the concentration of suspended solids was comparable at both measurement-control points. High coefficient of variation (over 60%) indicated high degree of random variation for these physical parameters ( Table 1 ). The intense dynamics of temperature fluctuations may be partly explained by seasonal changes in air temperature. The changes in suspended solids were brought about by their incidental but very high concentrations associated with erosion processes occurring after intense rainfalls, especially in the upper part of the catchment characterized by more variable terrain. , thus meeting the requirements for the first class. Water oxygen saturation was more variable, as mean and median values at the mouth of the river were by 11% and 13% higher than in its upstream course. Dissolved oxygen concentrations were similar at the point 1 and 2 but significant differences in oxygen saturation were confirmed by Mann-Whitney U test (Table 1 ). Higher oxygen concentration between Maszkienice and Wola Przesmykowska was mainly due to lower human pressure in the lower course of the river. Another reason is the fact that longitudinal slope of the Uszwica upstream from the point 2 is much steeper than in the rest of its course, and under undisturbed conditions this should translate into higher water saturation with oxygen. Random differentiation of dissolved oxygen concentration was low (CV < 20%), and oxygen saturation was moderate -coefficient of variation ranged from 21% to 40% (Table 1) .
At the second measurement-control point located in Maszkienice, mean BOD 5 and COD-Mn and total organic carbon were 5.7, 7.0 mg O 2 •dm -3 and 7.4 mg C•dm -3 , respectively. These values were by 84%, 35% and 18% higher than those recorded at the point near the Uszwica discharge into the Vistula. Mean BOD 5 at both points indicated second class of water purity, and mean total carbon concentration did not exceed the limit for the first class, i.e., 10 mg C•dm -3 . In terms of COD-Mn, water at the point 1 reflected the best possible ecological potential and at the point 2 it met the requirements for the second class (Table  1) . Mean, maximum and median values for these three indicators of organic pollution were always higher at the point located just below Brzesko, which was undoubtedly caused by discharge of municipal wastewater into surface waters. Due to irregular supply of pollution from anthropogenic sources, the concentrations of BOD 5 , COD-Mn and total organic carbon at the point 2 were highly variable, as manifested by significantly higher coefficient of variation than in point 1 ( Table 1) .
Typical values of two assessed salinity indicators, i.e., electrolytic conductivity and the dissolved solids, were very similar for both measurement-control points, as confirmed statistically at α = 0.05. Mean electrolytic conductivity was nearly 2 times, and mean dissolved solids concentration about 1.5 times lower than the limit for the first class. Salinity was very stable along the entire investigated length of the Uszwica, as the coefficient of variation ranging from 14% to 23% indicated small or moderate variability in the recorded data ( Table 1) .
pH of the investigated water ranged from slightly to strongly alkaline and it was 7.3-8.7 in point 1 and 7.2-7.9 in point 2. Average pH in both points was identical (7.7) and met the criteria for the first class. Coefficient of variation was also similar and very low (3-4%), indicating low dynamics of the recorded data ( Table 1) .
The biogenic indicators estimated in the Uszwica water included phosphates, phosphorus and total nitrogen, Kjeldahl nitrogen, ammonium and nitrate nitrogen and nitrates and nitrites. Except for N-NO 3 -and NO 3 -, mean and median concentrations of all other indicators were markedly higher at point 2. This indicated greater pollution at the point 2 and active self-purification processes in the water reaching the point 1, when, as a result of nitrification, organic and ammonium nitrogen were reduced and nitrate content increased. Differences in the concentration of all parameters but NO 2 -, recorded at individual stations, were significant (Table 1) . Water reaching the point 2 did not meet the requirements for the second class due to mean concentration of PO 4 3- and Kjeldahl nitrogen, whereas downstream the concentration of phosphates and Kjeldahl nitrogen decided on good ecological potential of water at the point 1. Coefficient of variation depended on the investigated parameter and ranged from 25% to 96%, indicating moderate, large or even very large variability in the concentration of biogenic substances (Table 1) .
Seasonal variability of water quality indicators may indirectly indicate pollution, if certain processes occurring in clean waters are disturbed. Air temperature is the factor most effectively determining seasonal changes of water quality indicators. It also affects plant growth, oxygen solubility and intensity of chemical and biochemical processes.
Some indicators showed a lack of seasonal variation at either measurement-control point, as confirmed by statistical analyses at α = 0.05. They included suspended solids, BOD 5 , total organic carbon, pH, electrical conductivity, dissolved solids, total phosphorus and Kjeldahl nitrogen (Table 2, Figure 2 ). Water temperature at both points closely depended on air temperature, and therefore, it was statistically higher in the summer season. Concentration of dissolved oxygen and oxygen saturation also strongly correlated with air and water temperature. Mean and median values of these parameters were significantly higher at both measurement-control points in the winter season (Table 2, Figure 2 ), as lower air temperature is known to promote oxygen solubility in water.
According to Dojlido [1995] , the lowest concentration of phosphates in clean waters is observed in the summer and the highest in the winter, being associated with inhibition of vegetation and lack of phosphate assimilation by plants in winter. Analyses performed for the samples collected at the mouth of the river revealed some deviations from this rule, as similar concentrations of PO 4 3- were recorded for both seasons. This natural cycle of phosphate concentration changes was severely disturbed by pollutions reaching point 2, where significantly higher phosphate levels were determined in the summer (Table 2, Figure 2) .
The lowest concentration of ammonium nitrogen is usually recorded in the periods when high temperatures are prevailing, as it is then absorbed by plants and undergoes nitrification [Dojlido 1995] . This natural trend was observed in the point 1, where the concentration of ammonium nitrogen was significantly lower in the summer. In the water reaching Maszkienice, mean and median concentration of N-NH 4 + was similar in both periods of the year, suggesting a supply of pollution, probably from point sources. The same dynamics of seasonal changes was also observed for total nitrogen (Table 2, Figure 2 ). In the summer, concentrations of nitrate nitrogen and nitrates were significantly lower along the entire length of the Uszwica (Table 2 , Figure 2) than in the winter. This indicates a natural seasonal variability of these biogenic indicators, involving their reduced content in water due to absorption by plants during the growing season [Dojlido 1995] .
Nitrites, intermediates generated as a result of ammonium nitrogen oxidation, are usually present in larger quantities during the summer, which is associated with higher nitrification intensity at higher temperatures [Dojlido 1995 ]. The present study revealed that this natural trend was maintained at both measurement-control points (Table 2, Figure 2 ).
Due to high concentration of total suspended solids, ammonium nitrogen and nitrite, the Uszwica waters evaluated in the years 2011-2012 upstream of both measurement-control points did not meet the requirements of natural habitats for salmonids and cyprinids. Additionally, concentration of BOD 5 and total phosphorus were too high at Maszkienice point but they were decreasing along the course of the river and finally complied with habitat requirements for salmonids and cyprinids at the point 1. Water temperature analysis revealed that, except for a single case of exceeding the critical temperature for salmonids (21.5 °C) at the mouth of the river, the waters were in general cold enough for both types of fish. In the upper course, oxygen conditions were conductive only to cyprinids but oxygen concentration increased along the river until it finally met the requirements for salmonids as well ( Table 3) .
The Uszwica water upstream from Maszkienice was considered eutrophic, as the permissible mean annual concentration of total phosphorus (0.25 mg•dm ) was exceeded by 29% (Table 3) .
CONCLUSIONS
1. Water flowing via developed areas was significantly less saturated with oxygen and contained higher amounts of suspended solids, organic matter and nutrients, as compared to the water crossing mainly used agricultural areas. Therefore, the ecological potential of the river was considered good in its lower course and poor upstream from point 2 in Maszkienice.
2. Disturbances in seasonal concentrations of phosphates, total nitrogen and ammonium nitrogen indicated high degree of water pollution in the middle course of the Uszwica. However, due to intense self-purification, wa-ter quality in the lower course was similar to that in natural conditions.
3. High concentration of total suspended solids, ammonium nitrogen and nitrate made the Uszwica water unfavorable for salmonids and cyprinids, however, much better conditions occurred at the mouth of the river.
4. Due to high concentration of total phosphorus, water upstream of Maszkienice was considered euthrophic.
5. The analyses performed under this study revealed that despite numerous activities aimed at reducing water pollution in Poland, the risk of not meeting the objectives of achieving good status of surface waters, set out the Water Framework Directive, is considerable in many river catchments.
